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METHQD AND DEVICE FOR MACHINING SPECTACLE LENSES 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The mvention relates to computer numerical control (CNC) of 
spectacle lens machining. 

Relevant Art 

[0002] Despite far-reaching automation, known CN^C spectacle lens 
machinmg apparatuses, in particular spectacle lens edging madhines, require a CNC- 
controUed particular accuracy, and therefore skill, for example in inserting into the 
apparatus a lens blank to be machined, and/or are demanding and complicated to 
operate as regards inputting the parameters required for the spectacle lens machining, 
which are a function of the optometric data of the spectacle wearer, the selected 
spectacle frame, the spectacle lens material and the like. 

[0003J hi the known CNC spectacle lens machining apparatuses, it stills 
happens that a finally machined spectacle lens cannot be inserted into the selected 
spectacle frame, and therefore has to be remachincd. 

[0004] The problem on which the invention is based is to create a method 
for machining spectacle lenses by means of a CNC spectacle lens edging machine, by 
means of which the operation of the CNC spectacle lens machiining apparatus is 
simplified and made easier, and by means of which an increased accuracy is achieved 
for the shaped spectacle lens. 

[0005] Furtheraiore, the invention is based on the piroblem of improving a 
CNC spectacle lens machining apparatus such that operation is substantially 
siruplified in conjunction with increased machining accuracy. • 
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RT?TPP nnsnRTPTiON hp twf. invention 

[0006] starting from this formation of the problem, amethod is disclosed 
for machining spectacle lenses by means of a CNC spectacle lens machining 
apparatus which comprises, according to the invention, the steps of; 

[0007] - inputting the optometric data of the spectacle wearer, that is to 
say dioptric number, values and angles of a cylindrical or prismatic cut, intensity and 
position of a reading portion, into a computer which cooperates with a control device 
of the apparatus, 

[00081 - inputting the eye's viewing point or inteipupilary distance (PD 
values) of the spectacle wearer into the computer by means of a selected spectacle 
frame, 

[0009] - inputting the shape data of a sel ected spectacle frame, if 
appropriate of the profile, the shape and the circumference of a bevel groove of the 
spectacle frame or of a spectacle lens groove or a spectacle lens dubbed comer, 
corresponding to the spectacle frame, into the computer, 

[0010] - inputting the spectacle lens material, that is to say silicate glass or 
plastic such as CR39 or polycarbonate, uito the computer, 

[001 11 - calculating the required lens blank diameter in the computer and 
displaying the lens blank diameter, 

[001 21 - inserting a lens blank of the desired diameter into the apparatus, 

[0013J - if appropriate, checking the position of the lens blank inserted 
into the apparatus, and incorporating the position of the lens blank by calculation in 

the machining data, 

(0014] - if appropriate, calculating the profile of 4 bevel, a groove or a 
dubbed comer on the shaped spectacle lens from at least one of the following 
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parameters: optometric data, PD values, shape data, radii of the front surface and rear 
surface and the center thickness of the spectacle lens, 

[0015) - if ^propriate, comparing the shape of the bevel groove iu the 
selected spectacle frame with the shape of the bevel groove in^a spectacle lens edging 
tool in the machine, and deciding by computation whether the machining of the bevel 
is or is not possible without or with taking account of correction values by computer, 

[0016] CNC machining of the lens blank, which comprises at least 
shaping the spectacle lens and, if appropriate, also machining a bevel, a spectacle 
lens groove or a spectacle lens dubbed comer, if appropriate also machining the 
optical surface(s), it being advantageous that it is possible for correction values to be 
incorporated by calculation into the machining data before thei CNC machining of the 
lens blank as a function of prescribed machining tolerances, workpiece tolerajices 
and tool tolerances and detected deviations thereof 

[0017] In addition to these steps, there can be performed on a screen a 
monitoring display of the input values and of the required lens blank diameter, and a 
positionally accurate imaging of the lens blanlc and, superimposed thereon, of the 
shape of the spectacle lens, such that all the parameters required for the spectacle 
lens machining can be checked visually. 

[0018] When the beveJ groove in the spectacle frame and the bevel 
resulting from the bevel groove in the spectacle lens edging tool are imaged and 
assigned on the circumference of the spectajcle lens on a screen, it is further possible 
for the feasibiUty of the bevel machining to be checked visually. 

[00191 ^ order to relieve the operator from particular attentiveness and 
care when inputting the parameters, inputting the dats required for spectacle lens 
machining can preferably be performed in machine-readable form, the required data 
can be stored at least partially on at least one data medium siich as a magnetic strip 
card, bar code card or a floppy disk. 
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[00201 Again, the PD values need not be input alpltanmnerically into a 
keyboard wben the PD values are deterroined by an automatic video recording 
system and the data determined are led directly into the compiater of the control 
device. If the shape data of a selected spectacle firaroe are not available stored on a 
data medium, the shape data of a selected spectacle frame, including the bevel 
projBle, the bevel shape and the circumference, can be determined in a contactless 
fashion in a scanning device and led directly to the computer . 

10021] When the dimensions and the sh^e of the bevel groove in the 

spectacle lens edging tool are determined in a preferably contactless fashion by a 
video reconiing system or laser scanner system, and these data are led directly to the 
computer^ it is possible to use the computer to establish whether a bevel can be 
produced on a spectacle lens, which is to be shaped, in accordance with the 
dimensions and the shape of the bevel groove in the selected spectacle frame with the 
aid of the existing spectacle lens edging tool as a fimction of the wear of the bevel 
groove in the spectacle lens edging tool, if appropriate with incorporation of a 
correction value by calculation. 

(0022] In order to calculate the bevel profile on the circumference of a 
spectacle lens which is to be shaped, either it is possible for the profile of the ftont 
edge and the rear edge of a spectacle lens, which is to be sh^ed, to be scanned in the 
apparatus, preferably in a contactless fashion by means of a video recording system, 
whereupon the data are led directly to the computer, which calculates therefrom the 
profile of a bevel suitable for the selected spectacle frame and uses these values to 
control the bevel machining; or the profile of the front edge and of the rear edge of a 
spectacle lens corresponding to a selected spectacle frame are calculated by the 
computer using at lease one of the parameters of: optometric data, PD vahies, shape 
data, radii of the front surface and rear surface and the center thickness, which 
calculates therefrom the profile of a bevel suitable for the selected spectacle frame 
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and uses these data to control the bevel machining, the profile' of the front edge and 
of the rear edge can preferably be calculated from the radii of the front surface and 
rear surface along with the center thickness, and/or can be taken over from a 
computer for the surface machining. This computer for surface machining can be the 
same computer as for the edge machining. 

[00231 The input and calculated data can be conveyed to a spectacle lens 
manufacturer as order data for the lens blank by long-distance data transmission, 
such that after the ordered lens blank has arrived, it is possible to perform the final 
machining of the lens blank in a spectacle lens machining apparatus attached to the 
computer. 

[00241 It is also possible for the input and calculated data to be conveyed 
to a spectacle lens manufecturer as order data for a finally machined spectacle lens by 
means of long-distance data transjmssion, such tijat after the arrival of the finally 
machined spectacle lens all that is required is for the optician to insert the spectacle 
lenses into a selected spectacle frame. 

[0025] All the calculations for determining the mdcliining data can be 
performed by a host computer which, as an external control unit, controls a plurality 
of machines and units in multitasking mode. 

[0026 j The solution of the problem mentioned at the beginning is also 
served by a spectacle lens machining apparatus, having a housing, a machining 
chamber in the housing, a spectacle lens holding shaft and a machining device in the 
chamber, a computer connected to a control device for controlling the machining of a 
lens blank, hold by the spectacle lens holding shaft, by means of the machining 
device, an input keyboard connected to the computer, and a data reading device, 
which can be connected to the control device, for data for the spectacle lens 
machining which are stored on a data medium card, such as a magnetic strip card, bar 
code card or the like. 
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[0027] Moreover, it is possible for there to be presbnt a floppy disk drive, 
connected to the computer, for data, stored on a floppy disk, ^r the spectacle lens 
machining, and/or a scanning device, connected to the compiiter. for the spectacle 
lens opening in a selected spectacle frame as well as for the profile, the cross- 
sectional shape and the ciTcumference of a bevel groove in the spectacle ftame, 
and/or a sensor, connected to the computer, for detecting ch^^cterizing markings on 
a lens blank, on packaging for a lens blank or a storage container for lens blanks 
and/or on a spectacle ftame, packaging for a spectacle firame or on a storage 
container for a spectacle frame, and/or a video recording system, which can be 
connected to the control device, for automatically recording the PD values of the 
spectacle wearer with reference to a selected spectacle ftame, and/or a vertex 
retractionmeter, connected to the computer, for automatically recording the optical 
values of a shaped spectacle lens or a lens blank, and/or a ddvice. connected to the 
computer, for mounting a block or sucker on a lens blank or a shaped spectacle lens, 
and for automatically transmitting the position of the block or sucker on the lens 
hlank or the shaped spectacle lens to the computer, the result being that it is 
superfluous for an operator to make alphanumeric inputs into the apparatus. 

[0028] No particular requirements are made of the accuracy with which 
the lens blank is inserted into the specUcle lens holding shaft when a detection 
device, connected to the computer, is present for the position of a lens to be 
machined with reference to the spectacle lens holding shaft, since the position of the 
lens blank detected by the detection device with reference to the spectacle lens 
holding shaft can be taken into account computationaUy when machining the lens 
blank. 

f 00291 It is likewise possible to provide a detection device, connected to 
the computer, for the diameter of a lens blank, held in the spectacle lens holding shaft 
and/or for the profile of the front edge and the rear edge of ke circumference of a 
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shaped spectacle lens, the data of which can be used by the computer to calculate the 
bevel profile on the circumference of the shaped spectacle lens and to control the 
machining thereof. 

[0030] When, furthermore, a detection device, connected to the computer, 
for the shape and the dimensions of a bevel groove in a spectacle lens edging tool is 
present, the bevel groove in the spectacle lens edging tool can be compared with the 
bevel gi-oove in the selected spectacle frame, and a decision can be made as to 
whether or not a spectacle lens with the calculated bevel can be inserted into the 
selected spectacle frame, if appropriate with incorporation of correction values by 
calculation as a function of the shape and the dimensions of the bevel groove in the 
selected spectacle frame and in the spectacle lens edging tool, 

[0031] The detection devices for the position of a Idns which is to be 
machined with reference to the spectacle lens holding shaft, for the diameter of a lens 
blank held in the spectacle lens holding shaft and/or for the profile of the front edge 
and the rear edge of the circumference of a shaped spectacle lens, and the detection 
device for the shape and the dimensions of a bevel groove in a spectacle lens edging 
tool can preferably comprise a charge coupled device or CCD camera or a laser 
scanner system, it being possible for the detection device for the diameter of a lens 
blank held in the spectacle lens holding shaft and/or for the profile of the fiont edge 
and the rear edge of the circimiference of a shaped spectacle lens, and the detection 
device for the shape and the dimensions of a bevel groove in a spectacle lens edging 
tool, to be in^)lemented as sepaiute devices or in a fashion combined from a single 
device. 

[0032] A screen, connected to the computer, for displaying the input date 
and/or for imaging the lens blank with tlie required diameter and/or the spectacle 
lens, which is aligned in the correct position with reference to ithe lens blank and is to 
be shaped, and/or the bevel-groove cross section of a selected spectacle framc^ as 
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well as the bevel, resulting from the dimensions and the shap^ of the bevel groove of 

i 

the spectacle lens edging tool, of a spectacle lens to be shaped facilitates the visual 
monitoring by the operator with regard to the data which have been input or read in, 
and with regard to the finished spectacle lens, but is not mandatory for the automatic 
running of the spectacle lens machining. 

[0033] When all inputs are performed by means of aiitoraatic data reading 
units or scaiming devices in the way outlined above, the spectacle lens edging 
machine according to the invention need have only a very simple input keyboard 
which comprises only a switch-on key, a start key, an interruption key for the running 
machining operation, a stop key and, if appropriate, a key for controlling an aftercut. 

BRIEF PESCRTPTTON OF THE DRAWING 

(0034) The invention is explained in more detail below with the aid of an 
exemplary embodiment illustrated in the single figure of drawing. 

DETAILED DESCRIPTION OF THE INVENTION 

(0035] Of a CNC spectacle lens edging machine which is known per se, 
the figure illustrates a housing 1 in whose grinding chamber 2 three grinding wheels 
3 are arranged on a shaft 4. One of the grinding wheels with a cylindrical surface 
serves for pregrinding the outline of a spectacle lens, while the two further grinding 
wheels serve for incipiently grinding different top bevels on the pregroimd spectacle 
lens. One of the bevel grooves is denoted by the reference numeral 1 2. Arranged 
parallel to the shaft 4 with the grinding wheels 3 are coaxial, rotatable, hollow half- 
shafts 5, 6 of which the half-shaft 6 is axially displaceable. The half-shafts 5, 6 have 
on their ends annular holding heads 8 between which a lens blank 9 can be clamped. 
The clamping can be performed automatically or via a handle 7. The lens blanlc 9 
can be swung into the region of the half-shafts 5, 6 by firstly being mounted by hand 
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on a holder (not illustrated) on a flap (likewise not illustrated!) which outwardly seals 

j 

the grinding chamber 2 and, for example, is held on the bolder by means of a 
controllable suction devi ce which acts outside the region of the surface requxred for 
holding the lens blank 9 between the half-shafts 5, 6. Such a device is described in 
detail in DE 195 37 692 C2 of the same applicant 

{0036] An illuminating device 1 1 is arranged in the hollow half-shaft 6, 
while a detection device in the form of a CCD camera i$ arranged coaxially therewith 
in the hollow half-shaft 5, This CCD camera is capable of picking up conventional 
markings, for example a three-point marking 16, illustrated on a screen 14 of the 
spectacle lens edging machine, on the lens blank 9, and converting them into electric 
signals. The middle point of the three-point marking 16 denotes the optical midpoint 
of the lens blank 9, while the outer points yield the axial position of a cylindrical or 
prismatic cut 

[0037] The signals generated by the CCD camera 10 pass into a 
transformer 13 and are converted there into signals which cam be evaluated by 
calculation by a computer of a control device 18, such that the image 9', picked up by 
the CCD camera 10, of the lens blank 9 with the markings 16 can be represented on 
the screen 14 in a fashion positioned accurately with reference to an axis intersection 
15. 

[0038] Accurate positioning of the lens blank 9 is not required, since the 
values picked up by the CCD camera 10 are input via the converter 13 into the 
computer of the control device 18 and are taken into account there by calculation 
when imaging on the screen 14 and during the CNC grinding of the spectacle lens. 
The lens blank 9 can therefore be mounted by hand on the holder on the cover, 
without particular requirements on the accuracy and skill of flic operator, and swung 
between the half-shafts 5, 6, since the position of the optica) midpoint and the axial 
position of a cylindrical or prismatic cut are picked up by the- CCD camera 10 and 
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taken into account by calculation in the computer of the contfol device 18, The 
device for detecting the position of the optical midpoint and ihe axial position of a 
cylindrical or prismatic cut on a lens blank 9 between the half-shafts 5, 6 is described 
in detail in DE 19 52 722 C2 of the same applicant. 

[0039] The image 9' of the lens black 9 on the screen 14 is superimposed 
in a positionally accurate fashion by an image 1 7 of the speciacle lens, which is to be 
form-ground, i.e., edge ground to a specific peripheral sh^e corresponding to a 
selected spectacle firame opening, including a possibly required top bevel, such that it 
is possible when viewing the image 9' of the lens blank 9 and the superimposed 
image 17 of the spectacle lens to establish whether the lens blank diameter is 
sufficient for form grinding of the spectacle lens, 

[0040] The optomctric data of the spectacle wearer, the PD values of the 
spectacle wearer, the material of the spectacle Jens, for example silicate glass or 
plastic such as CR39, polycarbonate and/or the lens curve data, specifically the radii 
Ri, R2 of the optical front surface and the optical rear surface, the center thickness of 
the lens and the rou^cast lens diameter can be input, and the type of bevel to be 
provided, for example a kaiser bevel, 30% bevel and an image, taken by means of a 
CCD camera 25, of the bevel groove 12 in one of the grinding wheels 3 can be 
imaged on the screen 14 in a fashion controlled by the computer of the control device 
18 and, furthermore, in alphanumeric fonn. 

[0041] A fiirther CCD camera 24 is arranged in the region of the lens 
blank 9 clamped between the half-shafts 5, 6. This CCD camera 24 serves the 
purpose of picking up the lens blank diameter and the profile of the front curve and 
rear curve on the form-ground spectacle lens as a function of the angle of rotation of 
the half-shafls 5, 6, and of leading them to the control device 1 8 via the converter 13. 
Given a suitable aiTangement, the CCD cameras 24, 25 can also be combined to form 

00651290.1 ': 



PAGE 29/68 ' RCVD AT 3/3012004 6:33:43 PM [Eastern Standard Time] ' SVR:USPT0€FXRF-1/2 ' DNiS:8729306 ' CSID:21 2 398 0681 * DURATION (mmpm 



03/30/2004 18:41 FAX 212 39« 0681 



OSTROLENK ,FABER 



[g)030 



- 11 - 

a single CCD camera which optically scans both the lens blank 9 or the fonn-ground 
spectacle lens and the bevel groove 12. 

[0042] It is also possible to nse laser scanner systems instead of the CCD 
cameras 10, 24, 25. 

[0043] Coimected to the computer of the control device 18 are an input 
keyboard 1 9, a data reading device 20 for reading in data on data media in the form 
of a card with a magnetic strip, a bar code or a floppy disk drive 21 for reading into 
the control device 18 data stored on floppy disks, a scanning unit 22 for scanning a 
spectacle lens opening in a spectacle frame or a pattern disk, and a sensor 23 for 
reading into the control device 1 8 data recorded on a spectacle lens, a bag for a 
spectacle lens, on a case with spectacle lens, for example in the form of a bar code, or 
for reading data arranged on a spectacle frame in the form of a bar code into the 
control device 18. Furthermore, it is also possible for there to be connected to the 
computer of the control device 18 a vertex refractionmeter 3 1 which can be used to 
determine the optometric data of a given spectacle lens automatically and input them 
into the con:iputer of the control device 18. 

[0044] The computer of the control device 1 8, which preferably comprises 
a personal computer (PC), constitutes the command center and the opemtions 
planning and scheduling, for an order to be carried out by the optician. All the data 
are stored, processed and passed on and called up m. the computer of the control 
device. The optometric data of the spectacle wearer, that is to say the dioptric 
nximber of the spectacle lens, the refracting powers of a cylindrical or prismatic cut as 
well as the axial position thereof and the corresponding optometric values of a 
reading portion are input into the computer of the control device 18 either 
alphanumerically via the input keyboard 19 or by reading off from a customer card or 
sickness insurance plan card by means of the data reading device 20, inputting a 
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floppy disk into the floppy disk drive 21, or else by njeasuriiig an existing spectacle 
lens of the spectacle wearer by means of vertex refractiomneter 3 1 . 

[0045] Inputting via a data reading device 20, a floppy disk drive 21 or 
vertex refiractionometer 3 1 is preferred, since the input keyboard 19 can in this case 
be of particularly simple configuration, and there is a need to use only at most five 
keys, a key for switching on, a key for inputting the start signal, a key for controlhng 
an aftercut, a key for aborting or interrupting a grinding operation, and a stop key. 
Again, the shape data of the spectacle lens opening of a selected spectacle frame can 
be input into the control device 18 via the data reading device 20 or the floppy disk 
drive 2 1 when these data are present in a form stored on a cajfd or a floppy disk, for 
example supphed by the spectacle frame manufacturer togethler with the spectacle 
frame. 

[0046] If this is not the case, the spectacle frame opening of a selected 
spectacle frame can be scanned by means of a scaiming devicje 22, This scanning can 
preferably be carried out in a contactless fashion, for example by means of a video 
scamiing system such as is described in DE 40 19 866 Al of the same apphcant. 
This video scaiming system can be used to pick up the spectacle lens opening, 
including the profile of the bevel groove in a three-dimensional fashion including the 
cross-sectional shape, and to input them into the computer of the control device 18. 

[0047] The pupil distance and the position of the pupils with reference to 
a selected spectacle frame (PD values) can be determined either in the usual way by 
the optician and input alphanumerically into the computer of the control device 18 
via the keyboard 19, or the PD values are picked up by means of a video system 28 
from tlie spectacle wearer with the aid of a mounted, selected spectacle frame, and 
evaluated and fed directly to the computer of the control device 1 8. Such a video 
system is known under the name of "Video-Infill" from Rodenstock AG. 
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[0048] Although, as described above, the lens blarlk 9 is preferably 
swung-in between the half-shafts 5, 6 without the use of a bl<^ck, it is also possible to 
provide a lens blank 9 in the block device 29 with a block which is arranged at the 
optical midpoint and can be u$ed to insert the lens blank between the half-shafts 5, 6 
in an accurately positioned fashion without the need for renewed checking of the 
position of the optical midpoint with reference to the axis of rotation of the half- 
shafts 5, 6. In this case, the block device 29 can be configured as described in DE 42 
33 400 C2 of the same applicant and connected to the computer of the control device 
18, and this block device can also control the imaging of the image 9' of the lens 
blank 9 and of the spectacle lens 17 on the screen 14 via the computer of the control 
device 18, 

[00491 Using the optomettic data input into the computer of the control 
device 18, the spectacle frame data, the PD values and the further customer data, the 
computer of the control device 18 can calculate a lens blank with regard to the 
required diameter, the radii of the optical fit>nt surface and rear surface, and 
tlie optical center thickness as a function of the type of the spectacle lens material, 
that is to say plastic or silicate glass, and feed them via a modem 26 to a spectacle 
lens manufacturer for the purpose of ordering lenses. 

[00501 The lens curve data and Rj and the center thickness can also be 
input into the computer of the control device 18 by means of the input keyboard 19, 
or by means of a bar code on the lens blank itself or on a lens blank container. The 
computer of the control device 18 uses the input data to calculate the shape data for 
form grinding the lens blank 19 in accordance with the shape of the spectacle lens, 
which is yielded by the selected spectacle jframe. and thereby conh-ols the form 
grinding by means of the grinding wheels 3. 

10051] In order to grind the bevel, the computer of the control device 1 8 
uses the spectacle frame data and the lens blank data to calculate a bevel profile, 
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which can, for example, correspond exactly to the projSle and the circumference of 
the bevel groove in the selected spectacle frame. It is likewise possible to specify a 
bevel profile, for example a 30% bevel* and the computer in the control device 18 
checks whether this prescribed bevel profile is possible with the prescribed lens 
blank, and corresponds with reference to its circumference to the circumference of 
the bevel groove in the selected spectacle firame. If this is not the case, the computer 
in the control device 1 8 carries out a correction^ for example by displacing the bevel 
profile, after which the bevel cut is carried out. 

[0052] It is also possible to use the CCD camera 24 to measure the space 
curve of the front edge and the rear edge of the form-ground spectacle lens in three 
dimensions, and to lead them to the control device 18 via the converter 13. The 
computer in the control device 18 can use these data to calculate a bevel profile 
which is, for example, formed from the mean value of the profile of the front edge 
and the rear edge of the form-ground spectacle lens, or is at a constant distance from 
the front edge, 

[0053J Instead of the CCD camera 24, it is also possible to provide a 
mechanical scamiing system for the profile of the front edge and the rear edge of the 
form-ground spectacle lens, and for the contour of the form-ground spectacle lens, to 
which there are connected appropriate converters for generating electric signals 
which can be picked up and processed by the control device 1 8. Such 
eleotromechanical scanning devices for the profile for the front edge and the rear 
edge of the form-ground spectacle lens and of the contour of a form-ground spectacle 
lens having desired/actual value comparison arc described in DE 42 08 835 C2 and 
DE 43 20 934 C2 of the same applicant. The profile of the fit)nt edge and the rear 
edge can also be calculated fipom the radii of the front surface and rear surface and the 
center thickness, and/or be taken over from a computer for surface machining. This 
computer for surface machining can be the same computer as for the edge machining. 

00651290.1 
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(0054] The bevel groove 12 picked up by the CCt> camera 25 is compared 
in the computer of the control device 18 with the image of the bevel groove picked 
up by means of the spectacle frame scanning device 22. It is possible by means of 
this comparison for the computer of the control device 18 cither to give the control 
command to grind the bevel on the spectacle lens when the bevel grooves 
correspond, or the correct the grinding of the bevel when the deviation between the 
bevel groove 12 in the grinding wheel and the bevel groove in the spectacle frame 
does not exceed aprescribeable value, or to abort the grinding operation when the 
deviation is outside the prescribed tolerance. 

[0055] It is also possible to connect to the computer of the control unit 1 8 
a host computer 30 which then undertakes the calculations externally and can control 
a plurality of machines and units in multitasking mode. 

[0056] The method according to the invention and the device for 
machining spectacle lenses can therefore be used firstly to scan a selected spectacle 
frame in a contactless feshion with the aid of image evaluation, the values r = f (y) 
and z = f (y), and the circumference U being detected, in whidh case r is the radius of 
the spectacle frame opening as a function of the angle y. z is the coordinate in a 
direction peipendic ular to the plane of the spectacle frame, and U is the 
circumference of the bevel groove. In addition, the sliape of the bevel groove is also 
detennined as a function of y and compared with the contactless measurement of the 
bevel groove in the grinding tool. The aim is to determine coxrection values during 
grinding in advance, even if the bevel groove of the grinding tool does not 
correspond to the bevel groove of the spectacle frame. 

[0057] Moreover, the lens blank is measured, including the 
circumferences in accordance with its markings in a contactless fashion, and ground, 
preferably without a block, in the apparatus by using tlie computer to assign the 
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frame shape to the position of the lens blank between the half-shafts 5, 6, including 
prescribed deccntration (PD) values. 

(00581 After the measurement of the position, the shape and the marking 
by means of a device permanently assigned to the apparatus, which can also be 
arranged in the apparatus itself, the spectacle lens no longer needs to be picked up by 
hand since, furthermore, the profile of the space curve of the front edge Zj =^ f (y) and 
the rear curve Z;^ - f (g) is measured in a contactless fashion in the apparatus, and the 
profile of the bevel curve is determined in the computer and used to control the 
grinding operation. 

[0059] Consequently, after insertion of the lens blank up to the finishing 
of the form-ground spectacle lens provided with a bevel, the spectacle lens is no 
longer taken out of the apparatus, with the result that no deviations can accumulate 
from step to step, 

[0060] If, by contrast, faujts should occur d\mng m^achining of spectacle 
lenses, it is possible to use a modem 27 to make contact with the manufacturer of the 
apparatus, who is able in this way to use a test program to test the computer of the 
control device 18, with all connected input devices, and the spectacle lens edging 
machine, and to create a fault diagnosis which is conveyed back to the optician and 
provides him with information on the screen 14 as to how the faults can be remedied, 
and/or whether the apparatus needs to be repaired. 

[0061] Although the present invention has been described in relation to 
particular embodiments thereof, many other variations and modifications and other 
uses will become apparent to those skilled in the art. It is intended therefore, that tlie 
present invention not be limited by the specific disclosure herein, but to be given the 
full scope permitted by the appended claims. 
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t "Method and device for machining spectacle len?es" 

5 Tlxe invention relates to -a . CNC^contro|llQ d spectacTT^ — " 
lens machining^ appa ^ a ^ ^o 7 — a — aictliod ii«a^-^4aa«hXniEig 



l orY*" ' mcwjhining oppaiPQtuo . 
-r- Despite far-reaching automation, known £cNC-con trolled)^ 
spectacle lens machining apparatuses, in particular spectacle 
lens edging machines, require a particular accuracy, and 
»^ therefore skill, for example in inserting into' the apparatus 
a e©agh-caet lens^ to be machined, and/or are demanding and 
complicated to operate as regards inputting the parameters 
required for the spectacle lens machining, which are a 
function of the optometric data of the spectacle wearer, the 
selected spectacle frame, the spectacle lens material and the 
like. 

If III the known' r M f 7 i rnnlrrollpd ^ spectacle lens machining 

apparatuses, it stills happens that a finally iciachined 
spectacle lens cannot be inserted into the selected spectacle 
frame, and therefore has to be remachined. 

The problem on which the invention is based is to 
create a method for machining spectacle lenses by means of a 
CNC ^Qontrollod spectacle lens edging machine, by means of 
which the operation of the CNC nnnfmllod spectacle lens 
machining apparatus is simplified and made easier, and by 
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means of which an increased accuracy is achieved for the 
shaped spectacle lens. i 

Furthermore, the invention is based on i the prqblem of 
improving a CNC contL u ll u,Jppectacle lens machining apparatus 
such that operation is substantially simplified in 

machining accuracy. 
V Starting from this formation of the prdblem, a method 
IS p rop g 3e; d for machining spectacle lenses by Means of a e*e- C- 
seatToll-eA spectacle lens machining apparatus which 
comprises, according to the invention, the stepis of; 

- inputting the optometric data of the spectacle 



'5 i' 



and angles of 
position of a 



vfearer, that is to say dioptric number, values 
a cylindrical or prismatic cut, intensity and 
reading portion, into a computer which cooperates with a 
control device of the apparatus, , / . 

- inputting the eye's viewing pointy (PD "values) of 
the spectacle wearer into the computer by means of a selected 
spectacle frame, 

- inputting the shape data of a selected spectacle 
frame, if appropriate of the profile, the shape and the 
circumference of a bevel groove of the spectacle frame or of 
a spectacle lens groove or a spectacle lens dubbed corner, 
corresponding to the spectacle frame, into the computer, 

- inputting the spectacle lens material, that is to 
say silicate glass or plastic such as CR39 or polycarbonate, 
into the computer. 
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- calculating the required iL)ugb"Caat lens, diameter 
in the computer and displaying the sough - ocwyt leiris. diameter ^ 

- inserting a y ough ' ^oc t lens^of th'e desired diameter 
into the apparatus, 

- if appropriate, checking the position :of the rough 
««st lens, inserted into the apparatus, and incorporating the 



itUS , 5 



position of the lioucfh uJ&t lens by calculaj'tion in the 
machining data, 

- if appropriate, calculating the profile of a bevel, 
a groove or a dubbed corner on the shaped spectaicle lens from 
at least one of the following parameters: optomeitric data, PD 
values, shape data, radii of the front surface and rear 
surface and the center thickness of the spectacle lens, 

- if appropriate, comparing the shape of the bevel 
groove in the selected spectacle frame with the shape of the 
ij^vel groove in a spectacle lens edging tool in the machine, 
and deciding by computation whether the machining of the 
bevel is dr is not possible without or with taking accoxint of 



correction values by coii5)Uter, 

- QTC ■ gofttroll ' S - d ^ machining of the rougl^QCUs t lens*, 
which comprises at least shaping the spectacle lens and, if 
appropriate, also machining a bevel, a spectacle lens groove 
or a spectacle lens dxobbed corner, if appropriate also 
machining the optical surface (s), 

it being advantageous that it is possible fcbr correction 
values to be incorporated by calculation into jthe machining 
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data before the OWG uuubL '' i^l - lya /macnining of the roiiah cnat: 
lens^ as a function of prescribed machining tolerances, 
workpiece tolerances and tool tolerances and detected 
deviations thereof • 

In addition to these steps, there can bei performed on 
a screen a monitoring display of the input values and of the 
V • required g ough ^ cKM t lens^ diameter, and a : positionally 

accurate imaging of the rough gaa'h lens^ dhd, ^^perimposed 
thereon, of the shape of the spectacle lens, such that all 
the parameters required for the spectacle lens iaachining can 
be checked visually. | 

When the bevel groove in the spectacle trame and the 
bevel resulting from the bevel groove in the spectacle lens 
edging tool are imaged and assigned on the circumference of 
; the spectacle .lens on a screen, it is further : possible for 

the feasibility of the bevel machining to' be checked 
visually. 

In order to relieve the operator from particular 
attentiveness and care when inputting the parameters, 
inputting the data required for spectacle lens machining can 
preferably be performed in machine-readable^ form, the 
required data can be stored at least partially on at least 
one data medium such as a magnetic strip card, bar code card 
lOiU ' iiL^d ■ Willi d ' l'LU feilyiufetri : or a floppy disk. 

Again, the PD values need not be input 
alphanumerically into a keyboard when the PDj values are 
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determined by an automatic video recording system and the 
data determined are led directly into the cokputer of the 
control device. If the shape data of a selected spectacle 
frame are not available stored on a data medilum, the shape 
data of a selected spectacle frame, including the bevel 
profile, the bevel shape and the circiomf erence, can be 
determined in a contactless fashion in a scanning device and 
led directly to the computer . 

When the dimensions and the shape of the bevel groove 
in the spectacle lens edging tool are determined in a 
preferably contactless fashion by a video recording system or 
laser scanner system, and these data are led directly to the 
computer, it is possible to use the computer to establish 
whether a bevel can be produced on a spectacle ojens, which is 
to be shaped, in accordance with the dimensions and the shape 
of the bevel groove in the selected spectacle frame with the 
aid of the existing spectacle lens edging tool as a function 
of the wear of the bevel groove in the spectacle lens edging^:^;:^ 
tool, if appropriate with incorporation of a correction value 
by calculation. 

In order to calculate the bevel profile on the 
circumference of a spectacle lens which is to be shaped, 
either it is possible for the profile of the front edge and 
the rear edge of a spectacle lens, which is to be shaped, to 
be scanned in the apparatus, preferably in a contactless 
fashion by means of a video recording system, whereupon the 
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data are led directly to the computer/ whifch calculates 
therefrom the profile of a bevel suitable for: the selected 
spectacle frame and uses these values to control the bevel 
machining; or the profile of the front edge and of the rear 
edge of a spectacle lens corresponding to a selected 
spectacle frame are calculated by the computer using at least 
one of the parameters of : optoiaetric data, PD values^ shape 
data, radii of the front surface and rear surface and the 
center thicJcness, which calculates therefrom the profile of a 
bevel suitable for the selected spectacle frame and uses 
these data to control the bevel machining, the profile of the 
front edge and of the rear edge can preferably be calculated 
from the radii of the front surface and rear surface along 
with the center thickness/ and/or can be taken over from a 
computer for the surface machining. This computer for surface 
machining can be the same computer as for the edge machining. 
The input and calculated data can be conveyed to a 
spectacle lens manufacturer as order data for the 3?wgh"cact 
Xens^by long-distance transmission^ such that after the 

ordered aujuyh uliJL lensTnas arrived, it is possible to 
perform the final machining of the Tf-r-Mjh-r.rifTil- len ^ " TEII "^a 
spectacle lens machining apparatus attached to the computer. 

It is also possible for the input and calculated data 
to be conveyed to a spectacle lens manufacturer as order data 
for a finally machined spectacle lens by means of long- 
distance data transmission, such that after thje arrival of 
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the finally machined spectacle lens all that is required is 
for the optician to insert the spectacle Jienses into a 
selected spectacle frame. 

All the calculations for determining ithe machining 
data can be performed by a host coniputer jwhich, as an 
external control xmit, controls a plurality of machines and 
units in multitasking mode. 

The solution of the problem mentioned at the 
beginning is also served by a spectacle lens machining 
apparatus, having a housing, a machining chamber in the 
housing, a spectacle lens holding shaft and! a machining 
device in the chamber, a computer connected to a control 
device for controlling the machining of a rough Tsaat ■ lens'M^'*^ 
held by the spectacle lens holding shaft, by .means of the 
machining device, an input keyboard connected to the 
computer, and a data reading device, which can be connected 
to the control device, for data for the spectacle lens 
machining which are stored on a data medium card, such as a 
magnetic strip card, bar code card ■-'-^•'^^^''^''■'^^--^^^ h rr -innnr 

Moreover, it is possible for there to be present a 
floppy disk drive, connected to the computer, for data, 
stored on a floppy disk, for the spectacle lens machining, 
and/or a scanning device, connected to the computer, for the 
spectacle lens opening in a selected spectacle frame as well 
as for the profile, the cross-sectional shape and the 
circumference of a bevel groove in the specjtacle frame. 
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and/or a sensor, connected to the computer, ifor detecting 
characterizing markings^^^ a re^gh-gact lens^J**^^^^packaging 
for a rough oaot lens^ or a storage container for ..gougb-ooot l-e^t 
ie»©es» and/or on a spectacle frame, packaging for a spectacle 
frame or on a storage container for a spectacle! frame, and/or 
a video recording system, which can be connected to the 
control device, for automatically recording the PD values of 
the spectacle wearer with reference to a selected spectacle 

i 

frame, and/or a vertex refractionmeter, connlected to the 
computer, for automatically recording the optical values of a 
shaped spectacle lens or a rmigh-g.as^ lens, and/or a device, 
connected to the computer, for mounting a block or sucker on 
a rough-cast lens or a shaped spectacle lens, and for 
automatically transmitting °^ block or 

sucker on the r ca i ,i gh -< cact > lens^or the shaped spectacle lens to 
the computer, the result being that it is superfluous for an 
operator to make alphanumeric inputs into the apparatus. 

No particular requirements are made of the accuracy 
With which the xaii£fh=ca«t lensj;r fe" "l-i iS %rted into the spectacle 
lens holding shaft when a detection device, connected to the 
computer, is present for the position of a lens to be 
machined with reference to the spectacle -^^Jf^^Jjg^^^^^ shaft, 
since the position of the rongh-rm.t-,„ lens;p5Sr5TOSd by the 
detection device with reference to the spectacle lens holding 
shaft can be taken into^^^^ount computationally when 
machining the J^ii y h CllZt lens . 

A. i 
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It is likewise possible to provide a detection 
device, connected to the computer, for the idiameter of a 
»©tiyli-ua9t lens, held in the spectacle lens ; holding shaft 
and/or for the profile of the front edge and the rear edge of 
the circumference of a shaped spectacle lens^ the data . of 
^ which can be used by the computer to calculate the bevel 

profile on the circumference of the shaped spectacle lens and 
to control the machining thereof. 

When, furthermore, a detection device,, connected to 
the computer, for the shape and the dimensions of a bevel 
groove in a spectacle lens edging tool is present, the bevel 
groove in the spectacle lens edging tool can be compared with 
the bevel groove in the selected spectacle iframe, and a 
decision can be made as to whether or not a spectacle lens 
with the calculated bevel can be inserted into the selected 
spectacle frame, if appropriate with incorporation of 
correction values by calculation as a function: of the shape 
and the dimensions of the bevel groove in the selected 
spectacle frame and in the spectacle lens edging tool. 

The detection devices for the position of a lens 
which is to be machined with reference to the spectacle lens 

holding shaft, for the diameter of a luuyh ^ml lens^held" in 

h 

the spectacle lens holding shaft and/or for the profile of 
the front edge and the rear edge of the circumference of a 
shaped spectacle lens, and the detection device for the shape 
and the dimensions of a bevel groove in a sjiectacle lens 
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edging tool can preferably compris^"a ildb camera or a laser 
scanner system, it being possible for the detection device 
for the diameter of a t>^ H^gb" " ea st lens helS in the spectacle 
lens holding shaft and/or for the profile of the front edge 
and the rear edge of the circTimference of a shaped spectacle 
lens, and the detection device for the shape and the 
dimensions of a bevel groove in a spectacle lens edging tool/ 
to be implemented as separate devices or in a fashion 
combined from a single device . 

A screen, connected to the computer, for displaying 
the input data and/or for imaging the ^^^^jT^-rnnl^ leri s ' Wl^H 
the required diameter and/or the spectacle lens, which is 
aligned in^|:hej^rrect position with reference to the rrnjigh-^ 
®^t lens^and is to be shaped, and/or the bevel--groove cross 
section of a selected spectacle frame, as well as the bevel, 
resulting from the dimensions and the shape of the bevel 
groove of the spectacle lens edging tool, of a spectacle lens 
to be shaped facilitates the visual monitoring by the 
operator with regard to the data which have been input or 
read in, and with regard to the finished spectacle lens, but 
is not mandatory for the automatic running of the spectacle 
lens machining. 

When all inputs are performed by means of automatic 
data reading units or scanning devices in the way outlined 
above/ the spectacle lens edging machine according to the 
invention need have only a very simple input keiyboard which 
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con^rises only a switch-on key/ a start key, aiji interruption 
key for the riinning machining operation, a stojp key and, if 
appropriate, a key for controlling an aftercut. 
■ 'i'he invention is explained in more detdil below with 

the aid of an exemplary einbodiment illustrated in the Sm^.l-s. 
dtawmg,' ^ Xk-csCCTt^ ' zv ^ 

Of ^ CNO oonfarollo d spectacle lens edging machine 
which is known per se, the figure illustrates a housing 1 in 
whose grinding chamber 2 three grinding wheels 3 are arranged 
on a shaft 4. One of the grinding wheels with - a cylindrical 
surface serves for pregrinding the outline of a spectacle 
lens, while the two further grinding wheels serve for 
incipiently grinding different top bevels on the preground 
spectacle lens. One of the bevel grooves is denoted by the 
reference numeral 12. Arranged parallel to the shaft 4 with 
the grinding wheels 3 are coaxial, rotatable, hollow half- 
shafts 5, 6 of which the half-shaft 6 is axially 
displaceabie. The half-shafts 5, 6 have on their^ ends annular 
holding heads 8 between which a irnugh>>c^«rt len sT ' V &Sh be 
clamped. The clanging can be ^|rf|rmed automatically or via a 
handle 7. The lens^ 9 can be swung into the region 

of the half "Shafts 5, 6 by firstly being mounted by hand on a 
holder (not illustrated) on a flap (likewise not illustrated) 
which outwardly seals the grinding chamber 2 and, for 
example, is held on the holder by means of a controllable 
suction device which acts outside the region o:^ the surface 
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•required for holding the rough raa t lens. 9 between the half- 
shafts 5, 6. Such a device is described : in detail in 
DE 195 37 692 C2 of the same applicant. 

An illuminating device 11 is arranged ^ in the hollow 
half-shaft 6, while a detection device in the \ form of a CCD 
camera is arranged coaxially therewith in th^ hollow half- 
shaft 5. This CCD camera is capable of picking up 
conventional markings, for example a three-point marking 16, 
illustrated on a screen 14 o^,the spectacle lens edging 
machine, on the roug-h ^- ea - at lens^ 9, and converting them into 
electric signals. The middle point of the three-point marking 
16 denotes the optical midpoint of ti ^ rouah^ c^^ ' l^ns ^ l^*^ 
while the outer points yield the axial position of a 
cylindrical or prismatic cut. 

The signals generated by the CCD camera 10 pass into 
a transformer 13 and are converted there into 'signals which 
can be evaluated by calculation by a computer of a control 
device 18> such that the image 9' picked up by the CCD 
camera 10, of the c ough oao t lens^^T^th the markings 16 can 
be represented on the screen 14 in a fashion positioned 
accurately with reference to an axis intersection 15. » „ 

Accurate positioning of the ijemghica^t lens 9 is not 

A 

required, since the values picked up by the CCD tamera 10 are 
input via the converter 13 into the computer of the control 
device 18 and are taken into account there by calculation 
when imaging on the screen 14 and during the nontrollLd 
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grinding of the spectacle lens. The irnngh m'-tii lens 9 can 

A 

therefore be mounted by hand on the holder Ion the cover, 
without particular requirements on the accuracy and skill of 
the operator, and swung between the half-shafts 5, 6, since 
the position of the optical midpoint and the axial position 
of a cylindrical or prismatic cut are picked up by the CCD 
camera 10 and taken into account by calculation in the 
computer of the control device 18. The device for detecting 
the position of the optical midpoint and the ^xial position 
of a cylindrical or prismatic cut on a .gough octst lens 9^ 
between the half-shafts 5, 6 is described in detail in 
DE 19 52 722 02 of the same applicant. 



The image 9' of the wu gh^caa t. lens ^9 ion the screen 



;^9 ;on 

14 is superimposed in a positionally accurate fashion by an 
spectacle frame opening, including 'a possibly required 



top bevels such that it is possible when viewing the image 9' 
of the r Qtf ghT>GA si: lens^an§ the superimposed image 17 of the 
spectacle lens to establish whether the -^i^-fra^t lens ti^Uvt, 
diameter is sufficient for form grinding of the spectacle 
lens - 

The optometric data of the spectacle wearer, the PD 
values of the spectacle wearer, the material of the spectacle 
lens, for example silicate glass or plastic such as CR39, 
polycarbonate and/or the lens' curve data, specifically the 
radii Ri, R3 of the optical front surface and! the optical 



1 
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rear si 



SS^Tn^y^^^ t^ickiiess of the lens and the Jje-tttb- 
eSSt len^dlameter can be input, and the type bf bevel to be 
provided, for exainple a kaiser bevel, 30% bevel and an image, 
taken by means of a CCD camera 25, of the bevel groove 12 in 
one of the grinding wheels 3 can be imaged on the screen 14 
C- ^ fashion controlled by the computer of the control device 

18 and, furthermore, in alphanumeric form. 

A further CCD camera 24 is arranged in ! the region of 
the rough-cast lens 9 clamped between the half-shafts 5, 6. 
This CCD ^^®^^|j24^serves the purpose of picking up the 
rrfingh-ri^- t lens ^diameter and the profile of the front curve, 
and rear curve on the form-ground spectacle lens as a 
function of the angle of rotation of the half-shafts 5, 6, 
and of leading them to the control device' 18 via the 
converter 13. Given a suitable arrangement, the CCD cameras 
24, 25 can also be combined to form a single .CCD camera which 
optically scans both the r««gte-ee3t lens^ 9 or the form-ground 
spectacle lens and the bevel groove 12. 

It is also possible to use laser scanner systems 
instead of the CCD cameras 10, 24, 25. 

Connected to the computer of the control device 18 
are an input keyboard 19, a data reading device 20 for 
reading in data on data media in the form of a card with a 

magnetic strip, a bar code or ft rp i i ^u,, a floppy disk 

drive 21 for reading into the control device 18 data stored 
on floppy disks, a scanning unit 22 for scanning a spectacle 
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lens opening in a spectacle frame or a pattern ' disk, and a 
sensor 23 for reading into the control device 18 data 
recorded on a spectacle lens, a bag for a spectacle lens, on 
a case with spectacle lens, for example in the fbrm of a bar 
code, or for reading data arranged on a spectac^le frame in 
the form of a bar code into the control device 18, 
Furthermore, it is also possible for there to be connected to 
the computer of the control device 18 a vertex 
ref ractionmeter^which can be used to detexroine the optometric 
data of a given spectacle lens automatically and input them 
into the computer of the control device 18. 

The computer of the control device 18, which 
preferably comprises a personal computer (PC) , constitutes 
the command center and the operations planning and 
scheduling, for an order to be carried out by the optician. 
All the data are stored, processed and passed on and called 
up in the computer of the control device. The optometric data 
of the spectacle wearer, that is to say the dioptric nuraber 
of the spectacle lens, the refracting powers of a cylindrical 
or prismatic cut as well as the axial position thereof and 
the corresponding optometric values of a reading portion are 
input into the computer of the control device 18 either 
alphanximerically via the input keyboard 19 or by reading off • 
from a customer card or sickness insurance plan card by means 
of the data reading device 20, inputting a floppy disk into 
the floppy disk drive 21, or else by measuring an existing 
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Spectacle lens of the spectacle wearer by means of vertex 
refractionmete:^* 

Inputting via a data reading device 20, a floppy disk 
. . drive 21 or^ vertex refractionometer^is preferred, since the 

input keyboard 19 can in this case be of particularly simple 
configuration, and there is a need to use only at most five 

t 

keys, a key for switching on, a key for inputting the start 
signal, a key for controlling an aftercut, a key for aborting 
or interrupting a grinding operation, and a stop key. Again, 
the shape data of the spectacle lens opening of a selected 
spectacle frame can be input into the control jdevice .18 via 
the data reading device 20 or the floppy disk drive 21 when 
these data are present in a torm stored on a card or a floppy 
disk, for example supplied by the spectacle frame 
manufacturer together with the spectacle frame. 

If this is not the case, the spectacle ^frame opening 
of a selected spectacle frame can be scanned by means of a 
scanning device 22. This scanning can preferably be carried 
out in a contactless fashion, for example by means of a video 
scanning system such as is described in DE 4 0 1 9 8 66 Al of 
the same applicant. This video scanning system can be used to 
pick up the spectacle lens opening, including the profile of 
the bevel groove in a three-dimensional fashion including the 
cross-sectional shape, and to input them into the computer of 
the control device 18, 
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The pupil distance and the position of the pupils 
with reference to a selected spectacle frame (iPD values) can 
be determined either in the usual way by the optician and 
input alphanimerically into the computer oi the control 
device 18 via the keyboard 19, or the PD values' are picked up 
^i.. by means of a video system 28 from the spectacle wearer with 

the aid of a mounted, selected spectacle frame^: and evaluated 
and fed directly to the computer of the control device 18. 
Such a video system is known under the name of "Video-Infral'' 
from Rodenstock AG. 



Although/ as described above, the c ott^h e gs t. lens^j^ 

is preferably swung- in between the half-shafts 5, 6 without 

the use of^ ^a block, it is also possible to provide a go^ighj- 

lens;;^ — ttt— the block device 29 with a block which is 

arranged at the optical midpoint and can be used to insert 

the roughTnoQQt lens between the half-shafts 5^ 6 in an 

accurately positioned fashion without the need for renewed 

checking of the position of the optical midpoint with 

reference to the axis of rotation of the half-shafts 5^ 6. In 

this case, the block device 29 can be configured as described 

in DE 42 33 400 C2 of the same applicant and connected to the 

computer of the control device 18, and this block device can 

also ^^j^^vtrol the imaging of the image 9' of the Plough KLsrJt 

lens 9 and of the spectacle lens 17 on the screen 14 via the 
A 

computer of the control device 18. 
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Using the optometric data input into the computer of 
the control device 18 ^ the spectacle frame [data, the PD 
values and the further customer data, the computer of the 
control device 18 can calculate a -^ goughr^oast lens with regard 

A 

to the required diameter, the radii Ri, Rz of the . optical 
front surface and rear surface, and the optical center 
thickness as a function of the type of the spectacle lens 
material/ that is to say plastic or silicate glass, and feed 
them via a modem 26 to a spectacle lens manufacturer for the 
purpose of ordering lenses. 

The lens curve data Ri, Rz and the center thic3cness 
can also be input into the computer of the control device 18 
by means of the input keyboard 19, or by means of a bar code 
on ii ^nnfjbnni-:>n47i lens^; a^ baaii.f><aci a r o^^yn o e; ^ lens^G&i.^.^,^g^g^ 



< A 

<fiiQiTT'i T^Qugh-caot ■loR>a&B > The computer of the control device 18 
uses the input data to calculate the shape data for form 
grinding the rough-cast lens 19 in accordance with the shape 
of the spectacle lens^ which is yielded by the selected 
spectacle frame, and thereby controls the form grinding by 
means of the grinding wheels 3. 

In order to grind the bevel, the computer of the 
control device 18 uses the spectacle frame data and the 
jc;Q4igbt-€ar^ data to calculate a bevel profile, which can, 

for example, correspond exactly to the profile and the 
circumference of the bevel groove in the selected spectacle 
frame. It is likewise possible to specify a bevel profile. 
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for exajnple a 30% bevels and the computer in the control 
device 18 checks whether this prescribed bevel profile is 
possible with the prescribed jcoughrfccasit len5T aiid corresponds 
with reference to its circumference to the ciircuiaference of 
the bevel groove in the selected spectacle frame. If this is 
not the case, the computer in the control device 18 carries 
out a correction, for example by displacing the bevel 
profile, after which the bevel cut is carried out. 

It is also possible to use the CCD camera 24 to 
measure the space curve of the front edge and the rear edge 
of the form-ground spectacle lens in three dimensions, and to 
lead them to the control device 18 via the converter 13* The 
computer in the control device 18 can use these data to 
calculate a bevel profile which is, for example, formed from 
the mean value of the profile of the front edge and the rear 
edge of the form-ground spectacle lens, or is at a constant 
distance from the front edge. 

Instead of the CCD camera 24, it is also possible to 
provide a mechanical scanning system for the profile of the 
front edge and the rear edge of the form-ground spectacle 
lens, and for the contour of the form-ground spectacle lens, 
to which there are connected appropriate converters for 
generating electric signals which can be picked up and 
processed by the control device 18. Such electromechanical 
scanning devices for the profile of the front edge and the 
rear edge of the form-ground spectacle lens; and of the 
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contour of a form-ground spectacle lens having desired/actual 
value comparison are • described in DE 42 138 835 C2 and 
DE 43 20 934 C2 of the same applicant- The pirofile of the 
front edge and the rear edge can also be calcutlated from the 
radii of the front surface and rear surface 4nd the center 
thickness^ and/or be taken over from a computer for surface 
machining. This coii¥)uter for surface machining : 4P^^<iMftfiu-tj<Mr4^ 
can be the same computer as for the edge machining. 

The bevel groove 12 picked up by the CCD camera 25 is 
compared in the computer of the control device 18 with the 
image of the bevel groove picked up by means of the spectacle 
frame scanning device 22, It is possible by iaeans of this 
comparison for the computer of the control device 18 either 
to give the control command to grind the bevel on the 
spectacle lens when the bevel grooves correspond, or to 
correct the grinding of the bevel when the deviation between 
the bevel groove 12 in the grinding wheel and the bevel 
groove in the spectacle frame does not exceed a prescribable 
value, or to abort the grinding operation when the deviation 
is outside the prescribed tolerance. 

It is also possible to connect to the computer of the 
control unit. 18 a host computer 30 which then undertakes the 
calculations externally and can control a plurality of 
machines and units in multitasking mode. 

The method according to the invention and the device 

i 

for machining spectacle lenses can therefore be! used firstly 
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to scan a selected spectacle frame in a contactless fashion 
with the aid of image evaluation, the values! r - f (y) and 
z = f (y) / and the circumference U being detected, in which 
case r is the radius of the spectacle frame; opening as a 
function of the angle y, z is the coordinate in a direction 
perpendicular to the plane of the spectacle frame, and U is 
' the circumference of the bevel groove. In addition, the shape 

of the bevel groove is also determined as a function of y and 
compared with the contactless measurement of the bevel groove 
in the grinding tool. The aim is to determine correction 
values during grinding in advance, even if the bevel groove 
of the grinding tool does not correspond to the bevel groove 

of the spectacle frame, i^l^^vut^ 

Moreover, the 3?o ugfe = Ga >st lens^is measured, including 
) the circumferences in accordance with its markings in a 

contactless fashion, and ground, preferably without a block, 
in the apparatus by using the computer to assi^^^^^the frame 
shape to the position of the rQugh ^ oao ^ lens ^between the 
half-shafts 5, 6, including prescribed dec^ntration (PD) 

values . ' 

After the measurement of the position, the shape and 
the marking by means of a device permanently assigned to the 
apparatus, which can also be arranged in the apparatus 
itself, the spectacle lens no longer needs to be picked up by 
hand since, furthermore, the profile of the space curve of 
the front edge Zi = f (y) and the rear curve" Z2 = f (g) is 
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measxired in a contactless fashion in the apparatus, and the 
profile of the bevel curve is determined in thi computer and 
used to control the grinding operation. 



Consequently, after insertion of the jTcjugfa oatst lens 




up to the finishing of the fonn-ground spectacle lens 
provided with a bevel, the spectacle lens is no longer taken 
out of the apparatus, with the result that no deviations can 
accumulate from step to step. 

If; by contrast, faults should occur during machining 
of spectacle lenses, it is possible to use a modem 27 to make 
contact with the manufacturer of the apparatus, who is able 
in this way to use a test program to test the coimputer of the 
control device 18, with all connected input devices, and the 
spectacle lens edging machine, and to create a fault 
diagnosis which is conveyed back to the optician and provides 
him with information on the screen 14 as to how the faults 
can be remedied, and/or whether the apparatus needs to be 
repaired. 



Although the present invention has been described in relation to particular embodiments 
thereof, many other variations and modifications and other uses will become apparent to those 
skilled in the art It is intended therefore, that the pr^ent invention not be limited by the specific 
disclosure herein, but to be given the fiitr scope permitted by the appended clainds. 



To Be Added at end of Page 22 
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Patent claims 



A method for machining spectacle lenses; by means of a 
CNC-controlled spectacle lens machining apparatus , having the 
following steps: 

- inputting the optometric data of the spectacle 



and angles of 
position of a 



wearer^ that is to say dioptric number/ values 
a cylindrical or prismatic cut, intensity and 
reading portion^ into a coioputer which cooperates with a 
control device of the apparatus , 

- inputting the eye's viewing point (PD values) of 
the spectacle wearer into the computer by means of a selected 
spectacle frame, 

- inputting the shape data of a selected spectacle 
frame, if appropriate of the profile, the shape and the 
circumference of a bevel groove of the spectacle frame or of 
a spectacle lens groove or a spectacle lens dubbed corner, 
corresponding to the spectacle frame, into the computer, 

- inputting the spectacle lens material, that is to 
say silicate glass or plastic such as CR39 or polycarbonate, 
into the computer, 

- calculating the required rough-cast lens diameter 
in the computer and displaying the rough-cast lens diameter, 

- inserting a rough-cast lens of the desired diameter 
into the apparatus. 
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- if appropriate, calculating the profile of a bevel, 
a groove or a dubbed corner on the shaped spectlacle lens froiu 
at least one of the following parameters: optometric data, PD 
values, shape data, radii of the front surface and rear 
surface and the center thickness of the spectacle lens, and 

- CNC-controlled machining of the rough--cast lens, 
which comprises at least shaping the spectacle lens and, if 
appropriate, also machining a bevel, a spectacle lens groove 
or a spectacle lens dubbed corner, if appropriate also 
machining the optical surface (s). 

2, The method as claimed in claim 1, ' having the 
additional step of: 

- incorporating correction values by calculation in 
the machining data before the CNC-controlled machining of the 
rough-cast lens as a function of prescribed machining 
tolerences, workpiece tolerances and tool tolerances and 
detected deviations, 

3. The method as claimed in claim 1 p£--^ having the t/T 
additional steps of: 

" checking the position of the rough-cast lens 
inserted into the apparatus,- and 

- incorporating the position of the rough^cast lens 
by calculation in the machining data* 

4» The method as claimed in claim 1, 2— ^^--^5, having the 

additional steps of: 
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- comparing the shape of the bevel groove in the 
selected spectacle frame with the shape of the: bevel groove 
in a spectacle lens edging tool in the apparatus, and 

- deciding by computation whether the toachining of 
the bevel is or is not possible without or- with taking 
account of correction values by computer. 

5, The method as claimed in claim 3 j3J?-<7" in which there 

are performed on a screen a monitoring display of the input 
values and of the required rough-cast lens diameter^ and a 
positionally accurate imaging of the rough^cast lens and, 
superimposed thereon, of the shape of the spectacle lens, 
6* The method as claimed in claim 4 xi^"^ in which there 

are performed on a screen imaging and assignment of the bevel 
groove in the spectacle frame and the bevel, produced from 
the bevel groove in the spectacle lens machining tool, on the 
circumference of the spectacle lens, 

7* The method as claimed in rua^ uf claim^ 1 te^^, in 

which the' inputting of the data required for the spectacle 
lens machining is performed in machine-readable form. 
8. The method as claimed in claim 7, in which the 

required data are stored at least partially on at least one 
data medium such as a magnetic strip card, bar code card or 
card with a CD element or a floppy disk. 

9- The method as claimed in nn^— e€ claim^ 1 te— 8, in 

which the PD values are determined by an automatic video 
recording system, and the data are led to the coiaputer. 
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10. The method as claimed in oh^-^ claiib^ i fee^, in % 
which the shape data of a selected spectacle friaine^ including 
the bevel profile, the bevel shape and the circumference are 
determined in a contactless fashion in a scanning device and 
led to the computer, 

11* The method as claimed in one .q^ claim| 1 ts--^, in 

which the dimensions and the shape of the bevel; groove in the 
spectacle lens edging tool are determined in a contactless 
fashion by a video recording system or laser scanner system, 
and the data are led to the computer. • 

12, The method as claimed in . on e - of claim^ 1 t©=r-il, in 
which the profile of the front edge and of the rear edge of a 
shaped spectacle lens in the apparatus is scanned in a 
contactless fashion by a video recording system or a laser 
scanner system, and the data are led to the computer and 
therefrom the profile of a bevel suitable for' the selected 
spectacle frame is calculated in the computer! and used to 
control the bevel machining. 

13. The method as claimed in jme^-e^ claim^ 1 to— arl, in >. 
which the profile of the front edge and of the rear edge of a 
spectacle lens shape corresponding to a selected spectacle 
frame are calculated by the computer using at least one of 

the parameters of: optometric data, PD values, shape data, 
radii of the front surface and rear surface and the center 
thickness, and therefrom the profile of a bevel ! suitable for 
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the selected spectacle frame is calculated! and used to 
control the bevel machining - 

14. The method as claimed in claim 13,; in which the 
profile of the front edge and of the rear edge is calculated 
from the radii of the front surface and rear surface along 
with the center thickness, and/or is taken over from a 
computer for the surface machinilig, 

15, The method as claimed in oiie— ^f claim^ 1 t2e-^4, in 
which the input and calculated data are conveyed to a 
spectacle lens manufacturer as order data for the rough-cast 
lens by long-distance data transmission. 

16.. The method, as claimed in aae-^-# claim^ 1 t-o— ±5, in 
which the input and calculated data are conveyed to a 
spectacle lens manufacturer as order data for the finally 
machined spectacle lens by means of long-distance data 
transmission* . 

17. The method as claimed in claim 15, in which the 

ordered and delivered rough-cast lens is finally machined in 
a spectacle lens machining apparatus connected to the control 
device * 

18* The spectacle lens machining apparatus for carrying 

\ ' , J out the method as claimed in claim 7 having 

■ ./^^ 

(v'-'^V ' ^ housing (1), 

- a machining chamber (2) in the housing (1), 

- a spectacle lens holding shaft ^5, 6) and a 
machining device (3) in the chamber (2), 
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- a computer connected to a control device (18) for 

i 

controlling the machining of a rough-cast leris (9), held by 
c^^*^^ the spectacle lens holding shaft (5, 6), means of the 

Ad- 

machining device (3) / 

- an input keyboard (19) connected to the computer^ 

and 

- a data reading device (20)/ connected to the 
computer; for data for the spectacle lens machining which are 
stored on a data mediiom card, such as a magnetic strip card, 
bar code card or card with a CD element, 

19* The spectacle lens machining apparatus as claimed in 

claim ISr having a floppy disk: drive (21J, connected to the 
computer^ for data, stored on a floppy idisk, for the 
spectacle lens machining* 

20- The spectacle lens machining apparatus as claimed in 

claim 18 or 19, having a scanning device (22), connected to 
the computer, for the spectacle lens opening in a selected 
spectacle frame as well as for the profile, the cross- 
sectional shape and the circumference of a bevel groove in 
the spectacle frame. 

21, The spectacle lens machining apparatus as claimed in 

claim 18/ 19 or 20, having a sensor (23), connected to the 
computer, for detecting characterizing markings on a rough- 
cast lens, on packaging for a rough-cast lens or a storage 
container for rough-cast lenses and/or on a spectacle frame. 
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the selected spectacle frame is calculated aod used to 
control the bevel machining, 

14. The method as claimed in claim 13, in which the 
profile of the front edge and of the rear edge is calculated 
from the radii of the front surface and rear surface along 
with the center thickness, and/or is taken over from a 
computer for the surface machining. 

15. The method as claimed in one of claims 1 to 14, in 
which the input • and calculated data are conveyed to a 
spectacle lens manufacturer as order data for the rough-cast 
lens by long-distance data transmission. 

16. The method as claimed in one of claims 1 to 15, in 
which the input and calculated data are conveyed to a 

/ ^ spectacle lens manufacturer as order data for the finally 

machined spectacle lens by .means of long-distance data 
transmission. 

17. The method as claiijled in claim 15, in which the 
ordered and delivered rough-cast lens is finally machined in 
a spectacle lens machining/ apparatus connected to the control 
device - 

^ 18. A spectacle lens machining apparatus, having 

- a housing (1) , 

- a machining chamber (2) in the housing (1), 

- a spectacle lens holding shaft (5, 6) and a 
machining device (3) in the chamber (2), 
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- a computer connected to a control devicfe (18) for 

j 

controlling the machining of a rough-cast lenk (9) , held by 
the spectacle lens holding shaft {5, 6) , by means of the 
machining device (3) , 

- an input keyboard (19) connected to^ the computer, 

and 

- a data reading device (20) , connected to the 
computer r for data for the spectacle lens machining which are 
stored on a data medium card/ such as a magnetic strip card, 
bar code card or card with a CD element. 

19. The spectacle lens, machining apparatus as claimed in 
claim 18 r having a floppy disk drive (21), connected to the 
computer, for data, stored on a floppy disk, for the 
spectacle . lens machining . 

20. The spectacle lens machining apparatus as claimed in 
claim 18 or 19, having a scanning device (22)-, connected to 
the computer, for the spectacle lens opening in a selected 
spectacle " frame as well as for the profile, the cross- 
sectional shape and the circumference of a bevel groove in 
the spectacle frame, 

21. The spectacle lens .machining apparatus as claimed in 
claim 18, 19 or 20, having a sensor (23), connected to the 
computer, for detecting characterizing markings on a rough- 
cast lens, on packaging 'for a rough-cast lens or a storage 
container for rough-cast lenses and/or on a spectacle frame. 



i ) 
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packaging for a spectacle frame or on a storagie container for 
a spectacle frame. 

22. The spectacle lens machining apparatus as claimed in 
one of claims 18 to 21, having a video recording system (28)/ 
connected to the computer^ for automatically recording the PD 

f'\ values of the spectacle wearer with reference to a selected 

spectacle frame* 

t 

23. The spectacle lens machining apparatus as claimed in 
on^^t claim^ 18 ,fe€^--2:Z, having a vertex refractionometer, ^j-o'^^ 
connected to the computer, for autoiuatically recording the 
optical values of a shaped spectacle lens or a rough-cast 

lens ♦ 

24. The spectacle lens machining apparatuis as claimed in 
/ ^ on-e--^ claim^ 18 to.--2^, having a device, connected to the 

computer, for mounting a block or sucker on a rough-cast lens 
or a shaped spectacle lens, and for automatically 
transmitting the position of the block or sucker on the 
rough-cast lens or the shaped spectacle lens to the computer. 

25. The spectacle lens machining apparatus as claimed in 
Q^t^-xyt claim^ 18 to— 24/ having a detection device {10, 11; s. 
24), connected to the computer, for the position of a lens 

(9), which is to be machined, with reference to the spectacle 
lens holding shaft (5, 6) . 

26. The spectacle lens machining apparatus as claimed in 
oi^P,_oj claim^ 18 tp-^^^r; having a detection device (24), 
connected to the computer, for the diameter lof a rough-cast 
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lens (9)/ held in the spectacle lens holding shaft {5, S) , 

and/or for the profile of the front edge and the rear edge of 

the circumference of a shaped spectacle lens* 

27. The spectacle lens machining apparatus ias claimed in 

gx^ — of claim^ 18 Jj« — having a detection i device (25), ^l'^^^ 

connected to the computer, for the shape and tjhe dimensions 

of a bevel groove (12) in a spectacle lens edging tool (3) , 

28- The spectacle lens machining apparatus as claimed in 

aao^-e^ claim^ 25, SrS^ or ... S -Z^ having a detection device. (10; 

24; 25) consisting of a CCD camera* 

29* The spectacle lens machining apparatus as claimed in 

one—of claim^ 18 J^er^^, having a screen (14), connected to 
the computer, for displaying the input data and/or for 
f '\ imaging the rough-cast lens (9) with the required diameter 

and/or the spectacle lens, which is aligned in the correct 
position with reference to the rough-cast lens and is to be 
shaped, and/or the bevel-groove cross section of a selected 
spectacle frame, as well as the bevel, resultjing from the 
dimensions and the shape of the bevel groove of the spectacle 
lens edging tool, of a spectacle lens to be shaped. 
30. The spectacle lens machirdng apparatus as claimed in 

claim^ 18 Jt©--?^, having an input keyboard which has only a ^ 
switch-onkey, a start key, an interruption key for the 
running machining operation, a stop key and, if appropriate, 
a key for controlling an aftercut* 
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18- The spectacle lens machining apparatus for carrying 

out the method as claimed in claim 7 having 

- a housing (1) , 

* " a machining chamber (2) in the housing (1), 

- a spectacle lens holding shaft (5, 6) and a 
machining device (3) in the chamber (2), 

- a computer connected to a control device (18} for 
controlling the machining of a rough-cast lens (9), held by 
the spectacle lens holding shaft (.5y 6), by means of the 
machining device (3) , 

- an input keyboard (19) connected to the computer, 

' and 

-a data reading device (20), connected to the 
computer, for data for the spectacle lens machining which are 
stored on a data medium card, such as a magnetic strip card, 
bar code card or card with a CD element • 
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